The crude protein and protein components of fourteen commercial bread wheat cultivars grown in Eastern Croatia over two years and three locations were evaluated. Protein components were measured by reversed phase -high pressure liquid chromatography. A dominant effect of genotypes was obtained for the proportion of albumins and globulins, γ-gliadins and total glutenins, while year had a more pronounced impact on crude protein, total gliadins and high molecular weights and low molecular weights glutenin subunits. Locations had the strongest influence on total extracted proteins. Variability of gliadins to glutenins ratio was at the same extent influenced by the genotype and the year. Among interactions, genotype x year and year x location had the highest impact on evaluated proteins. The principal component analysis showed that wheat cultivars were differentiated according to variability of grain protein components. Considering the significant impact of proteins on the wheat bread-making quality, cultivar classification by protein components significantly contributes to the improvement of breeding program towards the creation of high quality cultivars.
INTRODUCTION
Wheat (Triticum aestivum L.) proteins are closely related to nutritional and bread-making quality of wheat. Wheat grains contain 8-20% proteins which are traditionally divided into four major classes: the watersoluble albumins, the salt-soluble globulins, the alcohol soluble gliadins and the glutenins which are in dilute acid or alkali (Wieser and Kieffer, 2001 ). The wheat proteins content and composition are strongly influenced by genetic background and in the evaluation of bread-making quality the composition of polymeric high molecular weight-glutenin subunits (HMW) and low molecular weight-glutenin subunits (LMW) are of particular importance. These glutenin (GLU) components together with ω-, α-and γ-gliadins (GLI) are the major storage proteins of endosperm and form a complex called gluten which is responsible for dough elasticity and extensibility as an important rheological characteristics of food based on wheat. Gluten constitutes 78-85 % of total wheat proteins. It is well established that flour with higher gluten strength contains favourable HMW (1 and 2 at the Glu-1 locus, 7+8 at the Glu-B1 locus and 5+10 at the Glu-D1 locus) or a greater amount of total glutenins or certain glutenin components (Shewry et al., 2001; Pena et al., 2005; Horvat et al., 2013) . Albumins and globulins (AG) constitute 10-22% of total flour protein. These proteins are mainly present in the aleuronic layer and embryo and include many enzymes and regulatory proteins. While the influence of gluten proteins on bread-making quality of wheat is extensively studied, a smaller number of studies dealing with the influence of AG as non-gluten proteins on wheat quality (Gao et al., 2009; Osipova et al., 2012) .
Environmental conditions such as nitrogen, soil type, water access and temperature during growth, especially through the grain filling period, had a significant influence on wheat quality through its impact on relative content of total and specific protein components and consequently on their ratios (Dupont and Altenbach, 2003; Torbica et al., 2007; Haiying et al., 2012; Erekul et al., 2012) . The negative influence of higher gliadins to glutenins ratio (GLI/GLU) on dough rheological properties is well established and also confirmed in papers published recently (Tang et al., 2008; Anderson et al., 2011; Horvat et al. 2013 ).
The objective of this study was to assess how distribution of protein components in whole meal of wheat varies across different genetic backgrounds and growth environments. The obtained results may contribute to the development of new cultivars with improved breadmaking quality.
MATERIALS AND METHODS

Genetic material
Fourteen wheat cultivars were grown during two growing seasons (2008/2009, 2009/2010) at three different regions in the Eastern Croatia that present a different types of soil (Osijek-eutric cambisol, pH(KCl) around 6.00, humus = 2.0 %-2.20 %; Tovarnik-black earth, pH(KCl) above 7.00, humus = 2.75 %-3.00 % and Pozegapseudogley, pH(KCl) below 5.00, humus = 1.60 %-1.80%). French cultivar Soissons is well distributed at Croatian wheat market ( 
Determination of wheat grain proteins
The crude protein (P) content of grains (N x 5.7, DM) was measured by the NIT technology (Infratec 1241, Foss Tecator). Prior the reversed phase -high pressure liquid chromatography (RP-HPLC) analysis, the protein components were extracted from 100 mg of whole-wheat flour accordingly to the stepwise procedure of Wieser et al. (1998) . Proteins were separated by Perkin Elmer LC 200 chromatograph on a Discovery Bio Wide Pore C18 column (300 Å pore size, 5 μm particle size, 4.6 mm × 150 mm i.d.) (Sigma-Aldrich Chemie GmbH, Germany). The instrument was controlled by Total-Chrom software (Perkin Elmer Instruments, USA). As mobile phase 0.1 % trifluoroacetic acid (TFA) in water (v/v) and 0.1 % TFA in acetonitrile (ACN) (v/v) were used. AG, GLI and GLU components were eluted with a linear gradient of ACN in range 24 %-58 % over 30 min. The flow was 1 ml/min and column temperature was maintained at 50 ºC. All determinations were made in duplicate. The repeatability of the extraction procedure and RP-HPLC analysis should be within ± 5 %. The results have been expressed as % of total extracted protein (TEP) (relating the area under particular protein fraction to the summed area under AG, GLI and GLU chromatograms).
Data analysis
Data were processed by analysis of variance (ANOVA, P<0.05), least significant difference (LSD) test and linear correlation analysis. A principal component analysis (PCA) was performed on the protein components data with aim to define similarities among cultivars. Statistical analysis was performed using Statistica (StatSoft Inc., USA) software ver. 8.0.
RESULTS AND DISCUSSION
A dominant effect (over 50 % of the total variability) of genotypes (G) was found for the proportion of AG, and γ-GLI and total GLU, while year (Y) had a more pronounced impact on P, total GLI, HMW and LMW. Variability of GLI/GLU ratio was the same extent influenced by G and Y. Locations (L) had the strongest influence on TEP. Among interactions, G x Y and Y x L had the highest impact on evaluated protein components (Table 2 ). Regarding to quantitative results of proteins obtained by the RP-HPLC method specific differences among cultivars, years and locations were noticed (Table  3) . a P -crude protein (%), AG -albumins and globulins, TEP -total extracted proteins, GLI -gliadins, GLU -glutenins, HMW -high molecular weight glutenin subunits, LMW -low molecular weight glutenin subunits, GLI/GLU -gliadins/glutenins ratio b absorbance units
On the average, AG accounting for 15.42 % of the TEP, while α-(26.59 %) and γ-(21.65 %) GLI and LMW (23.91 %) constitute a major part of TEP. ω-GLI (3.64 %) and HMW (8.80 %) were minor components of TEP (Table 2) in accordance with Wieser et al. (1998) , Dupont et al. 2003 . The P and TEP content varied between 12.17 % and 16.08 % and 754 AU and 1075 AU, respectively. The results of the linear correlation analyses (P<0.05) carried out on the proteins data showed that P and TEP content were highly significantly correlated (r=0.914) (Figure 1 ) similar to Wiser et al. (1998) , Horvat et al. (2006) and Tsilo et al. (2010) . P and TEP were significantly negatively correlated with AG and positively with GLI components and HMW. Among P and TEP and total GLU, LMW and GLI/GLU ratio did not find any significant correlation ( Table 4 ) which indicates that these parameters are more under genetic control. In 2010, an extremely rainy year, there was noticed a statistically significant higher proportion of P and TEP as compared to year 2009 (12.91 % and 14.25% and 817 AU and 888 AU, respectively), as well as increasing of all GLI components and HMW. The proportion of the AG, total GLU and LMW were significantly reduced. Generally, in Croatia in year 2010 yield, test weight and thousand grain weight of wheat were reduced by 20 %-50 %. Many authors noticed that under such extreme climatic conditions a significant yield decrease leads to an increase in protein to starch ratio and vice versa (Qury et al., 2003; Triboi et al., 2006; Drezner et al., 2007) . As a result of quantitative changes in proteins distribution in 2010, the GLI/GLU ratio was increased in comparison to 2009 (1.66 and 1.56, respectively) (Table 3) . PCA and factor analysis are the most widely used statistical methods to reduce the number of dimensions in data analysis and to investigate multiple intercorrelations between variables (Kurtanjek et al. 2008) . Comparing cultivars, a several groups of related protein attributes were separated (Figure 2 ). Cv. Divana as Croatian standard for the highest quality has a distinct position on Figure 2 due to the highest P (16.08 %) and HMW (10.81 %) and the lowest AG (12.21 %). In our previous studies this cultivar was also characterized by the highest P and HMW proportion (Horvat et al., , 2013 . Cultivar Olimpija, which is also characterized by excellent bread-making properties, is more distant than cv. Divana due to a significantly lower proportion of HMW (8.74 %) and lower GLI/GLU ratio (1.40). A lower GLI/GLU ratio is also characteristic of the cultivars Zlata and Soissons located on the opposite side to Olimpija. These cultivars have significantly lower proportion of P, TEP, ω-and α-GLI. Croatian high yielding cultivar Sana is positioned on the opposite side due to the lowest HMW proportion (6.03 %) and total GLU (27.22 %) and the highest γ-GLI (28.06 %) and GLI/GLU ratio (2.09). In our previous studies this cultivar was also characterized by a lower proportion of HMW and weaker dough rheological properties (Horvat et al., , 2013 . Cultivar Žitarka with medium bread-making properties, has an isolated position due to the highest proportion of total GLI (56.64 %), α-GLI (30.11 %) and a lower proportion of all GLU components. On Figure 2 it is clearly apparent that the distinction between analysed years as well as more similarity between locations Pozega and Tovarnik in comparison to the location Osijek.
CONCLUSIONS
Significant differences depending on cultivars, environments and their interactions were found among protein components of wheat grain. Considering the significant impact of grain proteins on the wheat breadmaking quality, cultivar classification by protein significantly contributes to the improvement of breeding program towards creation of high quality cultivars.
